We develop and apply a systematic mixed-methods literature review methodology to identify and characterize how climate change adaptation is taking place in developed nations. We find limited evidence of adaptation action. Where interventions are being implemented and reported on, they are typically in sectors that are sensitive to climate impacts, are most common at the municipal level, facilitated by higher-level government interventions, with responses typically institutional in nature. There is negligible description of adaptation taking place with respect to vulnerable groups, with reporting unequal by region and sector. The methodology offers important insights for meta-analyses in climate change scholarship and can be used for monitoring progress in adaptation over time.
Introduction
Adaptation is necessary if we are to manage the risks posed by climate change (New et al. 2011; Smith et al. 2011 ). What we know about adaptation, however, is limited. While there is an emerging scholarship proposing assessment approaches and adaptation options, few studies have systematically examined actual adaptation actions at a national or regional level. Is adaptation taking place? What types of interventions are being implemented? What factors are motivating adaptation? The assessment reports of the IPCC contain information on these questions, but using the IPCC to examine, compare, and monitor if and how adaptation is taking place presents a number of challenges. While IPCC assessments are rigorous and comprehensive, critiques have highlighted the opacity of selection criteria for literature included and excluded Ford and Pearce 2010) . Thus chapter 17 of working group II (WGII) profiles examples of adaptation action but it is unclear if these actions represent a comprehensive list of actions being implemented or what criteria was used for selection of examples. The detail at which actions are discussed also varies throughout WGII: in some instances the purpose, timing, scope, function, and form of adaptation actions are specified, for others less information is provided. This reflects the design of the IPCC to provide a broad overview of our knowledge on climate change, not answer specific questions; an objective which has guided climate change meta-analyses more generally (e.g. national assessments, NAPAs). As the climate change field evolves, however, new literature review approaches are needed if we are to identify and characterize what we know, don't know, and need to know (Hulme 2009; Hulme et al. 2010) .
In this paper we develop a systematic mixed-methods review methodology to examine if and how adaptation is taking place in developed nations. The methodology advances existing approaches to meta-analysis and allows us to critically examine how adaptation is taking place. We define 'developed nations' as the 41 Parties identified under Annex I to the UNFCCC (see Supplementary Data S1).
Methodology

Systematic reviews
A systematic literature review is a summary and assessment of the state of knowledge on a given topic or research question, structured to rigorously summarize existing understanding. Neglected in climate change research but long established in the health sciences, systematic reviews differ from traditional literature reviews in three main ways (Ford and Pearce 2010) . Firstly, they involve reviewing documents according to clearly formulated questions (e.g. are we adapting?) and using systematic and explicit methods and criteria to select relevant research. Secondly, they involve full reporting of search terms and criteria for inclusion and exclusion of articles, documenting publications excluded in the analysis along with those included. This contrasts to literature reviews common in climate change research which typically do not provide detail on the review procedures employed (e.g. databases searched, articles excluded, search terms used); in absence of such detail, it is difficult to replicate the study to validate interpretation and examine comprehensiveness. Finally, systematic selection of articles permits the use of quantitative and qualitative analysis of trends in the literature.
Document selection and review
To assess if and how adaptation is occurring we identify and review peer reviewed publications documenting adaptation actions to climate change in developed nations, drawing upon recent methodological developments (Arnell 2010; Tompkins et al. 2010; Berrang-Ford et al. 2011) . We make a distinction between the articulation of intentions or proposals to act, and adaptation actions themselves; we focus on the latter, with interventions requiring explicit recognition of climate change as a contributing motivator and involving the implementation of an intervention. Description of inclusion and exclusion criteria is provided in Supplementary Data (S2, S3).
Relevant publications were identified from the global adaptation dataset created by Berrang-Ford et al. (2011) , where a keyword search was performed in ISI Web of Knowledge (WOK) using the key topic terms "climat* chang*" AND "adapt*", focusing on literature published between 2006 and 2009. The initial search retrieved 1,741 documents (Supplementary Data S4), with 39 articles retained here for full review as profiling adaptation actions in developed nations. The inventory of publications included and excluded is provided in Supplementary Data (S5, S6), and is in searchable database form at: http://www.jamesford.ca/database. Included publications were assigned an identifier number (#1-39), and we make reference to specific publications using this number.
To characterize adaptation actions a typology was utilized-building upon Smit et al. (1999 Smit et al. ( , 2000 -guided by the following key questions: (1) Descriptive statistics (Stata) were used to summarize trends in the publications with categories guided by the typology questionnaire; inferential statistics were not feasible due to cell counts (n = 39). Summary data is provided in Supplementary Data S8. Qualitative analysis was performed using latent content analysis to identify key themes based upon description of adaptation actions within the selected publications. This involved firstly reading all the publications to discover patterns, themes, and categories. On this basis, coding categories were created organized around the themes established by the typology. Each article was read in-depth again and coded, whereby sections of text were manually assigned the appropriate code. Coded text was then retrieved, evaluated, and compared with the quantitative analysis to identify key characteristics of adaptation actions.
Results
Reporting on adaptation actions from developed nations is limited
Thirty nine publications (2%) fit our inclusion criteria for intentional adaptation actions in developed nations. Excluded articles are largely associated with natural systems, vulnerability assessments that have not been translated to adaptation actions, or actions in developing nations (Supplementary Data S4) . Over the observation period the number of publications reporting on adaptation actions has more than doubled (Fig. 1a) . The depth of reporting, however, is limited. Only two publications in the dataset report on the development of adaptation plans (#22, 35) while many discuss adaptation actions briefly within the context of vulnerability studies.
3.2 Higher-levels of government are playing a leading role in adaptations that are reported
Adaptations are most frequently implemented at the municipal level, with 67% of articles reporting adaptations at this level, but also include regional (i.e. state or province) and national adaptations (Fig. 1b) . Few articles document adaptations at the household level or report that non-governmental organizations or civil society are participating in adaptation activities. While adaptations were most frequently implemented municipally, higher-levels of government were the most likely to participate in adaptive governance (e.g. via funding, motivating adaptations; Fig. 1c ). Correspondingly, institutional guidelines and governmental mechanisms were the dominant form of adaptation (Fig. 1d ).
Adaptations are most commonly documented in the transportation, infrastructure, and utilities sectors
Reporting on adaptation interventions in the dataset is dominated by infrastructure, transportation, and utilities (Fig. 1e) . Interventions in these sectors are typically motivated by their sensitivity to climate change impacts, particularly where decisions involve investments that have a long lifespan and will therefore be exposed to significantly different future conditions (e.g. engineering structures for coastal flood protection (#21, 25)). The impacts of recent and historic extreme climate-related events have also served to create awareness in these sectors regarding their climate vulnerability stimulating the consideration of adaptation (e.g. # 3, 6, 21, 22, 25) . A small sub-set of publications (16%) describe how adaptation forms part of larger mitigation activities (e.g. #34, 35). Adaptations in the health sector were noted in only 21% of articles, while there is limited penetration of interventions into sectors not directly or traditionally associated with climate, including culture and education.
3.4 Non-structural interventions are key components of adaptive response Non-structural interventions are noted in 90% of publications reviewed here, and involve developing management strategies, plans, policies, regulations, guidelines, or operating frameworks to guide current and/or future planning. Thirty eight percent of publications report adaptations involving structural interventions, and are typically preferred in cases where risks of climate change are acute, including coastal protection (#13, 21), transportation (#3), municipal water supply (#22), and permafrost thaw (#1). Even here, however, non-structural interventions are increasing in importance. WEC women, the elderly, and children management is emerging as a key component of non-structural adaptation, involving interventions to improve how human systems experience and deal with stress and change in general, bringing together multiple stakeholders (e.g. #6). Financial support and education initiatives were mentioned by 31% and 28% of publications respectively.
There is negligible consideration of vulnerable populations outside of the Arctic and coastal areas
Adaptations in coastal systems and low-lying areas were the foci of half the publications, particularly studies from the UK and US (Fig. 1f) . Articles profiling Indigenous adaptation were related to Arctic populations in Northern Canada and Alaska. There was only one report, from Australia, of adaptation involving nonArctic Indigenous populations. There were no reports on adaptation from nonArctic Indigenous populations in Canada, US, New Zealand, or Scandinavia. There is minimal reporting of socio-economically disadvantaged groups, and no articles focusing on adaptation action with regards to women, the elderly or children (Fig. 1f ).
Adaptation reporting differs by region
Publications reporting adaptation actions are equally distributed between Europe and North America, with limited reporting from Australia and New Zealand. European adaptation publications are dominated by activities in the United Kingdom (8) and Holland (4). Close to one third of publications were associated with Arctic regions, all of which occurred in North America and all but one of which were associated with northern Indigenous populations.
Adaptations reported in the dataset explicitly recognize future impacts
Over 90% of publications report adaptations involving purposeful action where future climate change impacts are explicitly recognized, including efforts to enhance adaptive capacity and/or reduce sensitivity. This is consistent with the reported goals of adaptations, which are dominated by activities such as reducing risk, building partnerships, improving monitoring, strengthening institutions, enhancing research and promoting awareness. Adaptations of this nature are favoured in cases where there is a long lead in time to adaptation development necessitating complex negotiations, consultation, and planning; in cases where decisions made today have long term implications for climate-exposure (e.g. infrastructure, urban development; e.g. #3, 6, 12, 21) ; and where vulnerability to climatic risks is high and/or historic events highlight vulnerability (e.g. # 3, 6, 21, 22, 25) . Despite this, there was a notable lack of evidence in the dataset of actions to capitalize on the potential benefits of climate change. This is reflective of reluctance among the research community in general to consider benefits of climate change, and might stem from the politicized nature of the climate debate where emphasis has focused on the need to push the issue of climate change onto the public and political agenda (Pielke 2010 ).
Stakeholders are actively involved in adaptation actions reported here
The majority of publications report adaptation intervention to have involved stakeholders in developing and/or implementing adaptation actions. Seven articles (18%) focus primarily on knowledge transfer and designing effective networks for engaging, working with and disseminating to stakeholders (#5, 3, 7, 20, 26, 37, 39) . Four of these publications are from a North American context, 3 from Arctic regions. A key aspect of Arctic adaptations involves the establishment of monitoring programmes integrating both science and traditional knowledge to facilitate safe use of sea ice environments (#20, 39). Reporting on UKCIP dominates the European publications on stakeholder involvement. Other articles explore approaches to knowledge translation and community involvement as secondary or tertiary objectives (e.g. #6, 13, 9, 32).
Multiple factors are motivating adaptation
Climate change was reported as the sole reason for adaptation intervention in 26% of publications. The majority (41%) involve climate change in combination with secondary factors as motivation, and in 33% of cases climate change has an equal or secondary role. Human systems adapting to climate change are undergoing multiple stresses, with limited resources constraining climate change specific interventions. Context is important, with adaptations typically motivated and/or enabled by broader developments. Hurricane Katrina, for instance, provided impetus for integrating climate change concerns into the management of water levels on Lake Okeechobee in Florida, with increasing emphasis on adaptive management enabling this development (#6). Leadership is important. Norman (#27) describes how the election of Prime Minister Rudd in Australia increased emphasis on all aspects of climate change, creating an enabling environment for the consideration of adaptation at national and regional levels. Saaverda and Budd (##35) describe how links with the local university and forward thinking local leaders have made King Country an adaptation leader in the US, and a number of articles describe how UKCIP has been influential in promoting adaptation across the UK (#5, 26).
Barriers to adaptation are widely noted
Barriers to adaptation development and implementation are described in the majority of publications reviewed here. Institutional challenges are widely noted, often involving significant lead time to negotiate and consult with various interested parties. Vedwan et al. (#6) offer insights from lake management in Florida where the development of more inclusive and responsive institutions capable of effectively integrating climate change has taken decades. Compounding the challenges of changing and creating institutions, political short-termism often limits the ability to plan for long term risks where benefits will be accrued in the future but political implications today. Few et al. (#12) note this to be a major limit to coastal planning in the UK where local political necessity dictates that long term planning horizons promoted nationally are sacrificed where these goals conflict with other priorities.
O 'Brien et al. (#4) caution that complacency towards climate change poses significant barriers in Europe, with a lack of awareness of potential dangers constraining action. Financial barriers, lack of information on the necessity to adapt, knowledge about available options, and the ability to implement most suitable ones, were not widely noted.
Discussion
Traditional literature reviews are useful for characterizing the broad contours of knowledge on a given area, but are less suited to answering specific questions such as posed here: are developed nations adapting to climate change? Questions of this nature require systematic review methodologies where explicit inclusion and exclusion criteria are developed to identify and analyze relevant literature. Herein, we develop and apply a mixed-methods review methodology, creating a database of publications reporting on adaptation actions in developed nations. We do not argue that the database captures all adaptation actions being implemented, with interventions likely reported in the grey literature and in articles published outside of the 2006-2009 review period. What the work does offer, however, is a proxy or indicator of adaptation action at national/regional levels-a snapshot of what is going on-that can be used to monitor adaptation over time, and is consistent with calls for more timely analyses to compliment IPCC (Oppenheimer et al. 2007 ). Importantly, examining how adaptation is and is not taking place enables us to offer a number of insights of relevance to research and policy. Firstly, while adaptation is being thought about widely, examples of actual intervention reported in the literature are limited, raising concerns about the likelihood of effective adaptation given the speed of climate change and limited window of opportunity for action (Adger and Barnett 2009) . This is compounded by the often significant time requirements for adaptation development to progress from problem identification to actual implementation, as identified in articles reviewed here. Where interventions are occurring we hypothesize that they represent action by early adopters, with adaptations typically at early stages of implementation. Thus no studies examined here formally assess success of interventions or consider how adaptations will perform under different climate scenarios. Adaptation reporting in unequal by region with actions only described in 14 annex-1 countries. There is also no evidence in the dataset of adaptation actions targeting vulnerable populations including non-Arctic Indigenous populations, along with women, elderly, and children. Furthermore, while mainstreaming is evident, few studies describe the development of specific adaptation plans, which will be necessary in regions and sectors where future climatic conditions are expected to pose significant risks outside of those currently experienced (Füssel 2007) .
Secondly, as adaptations reviewed here illustrate, high adaptive capacity typically assumed for developed nations will not necessarily translate into effective adaptation action. Thus-in addition to the concerns illustrated in the previous paragraph-a major challenge highlighted in a number of articles concerns the lack of political will to meaningfully address climate change impacts, particularly at local levels where a mismatch between national statements on adaptation and local action has been noted. In such cases adaptation interventions have preferred short term risk reduction over long term strategic planning, potentially increasing vulnerability and making future adaptation more difficult. Institutional barriers along with limited consideration of future climate scenarios in adaptation intervention, create potential for maladaptation.
The experience of adaptation reported here challenges complacency common among developed nations regarding their ability to adapt to climate change and raises similar 'concerns' to those identified by Adger and Barnett (2009) . Herein, continued monitoring of adaptation action is important and the approach developed here offers one way of achieving this. Additionally, the systematic review methodology holds insights for future climate change metaanalyses more broadly (e.g. IPCC AR5), specifically highlighting the importance of systematic, rigorous and transparent criteria for literature identification and selection. Otherwise, as recent debates over IPCC and 'climategate' highlight, it is easy for debates over science to be captured by the politicized nature of climate change (Pielke 2010) . Systematic review methodologies-pioneered in the health sciences and developed here in a climate context-offer one such approach towards greater openness and rigor. It is also clear that further methodological developments are needed, specifically finding ways to systematically include grey literature. The challenges here are legion however: a search for "climate change and adapt" in Google documents over 2 million hits, the quality of grey literature is highly variable, and targeted inclusion and exclusion criteria and search terms are required to make reviews manageable. Notwithstanding, research in the health sciences offers guidelines on how to include grey literature and techniques to manage the search process (e.g. Cochrane Collaboration) and needs to be examined further for application in a climate change context.
With the climate change literature expanding rapidly and debates over the science and policy intervention becoming ever more polarized and politicized, meta-analyses can help us grasp what we know, don't know, and need to know. Continued methodological development and refinement herein needs to be a priority for future research.
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